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Laser magnetic resonance (LMR) using optically pumped far-infrared lasers is
a powerful spectroscopic technique for investigating molecules. It has been
already proven by applying it successfully to detect and study the rotatic-
nal spectra of transient molecular species, including metastable levels and
ions (1}. The applicability of LMR to atoms, however, meets with some diffi-
culties.The main one is that a CW laser line in near coincidence with a sui-
table atomic transition may not be available on account of the much smaller
number of atomic energy levels relative to those of even a simple molecule.
Besides this, since atomic transitions in the far infrared are mostly magne-
tic dipole in nature, the sensitivity of absorption spectroscopy to atomic
transitions is greatly reduced. To date only atomic oxygen (2,3), atomic ca-
rbon (4) and atomic silicon (5) have been measured. On the other hand, there
are many reasons for investigating atoms: the fracti99al accuracy of the fre-
guency determination using LMR is of the order of 10 and is about two orders
of magnitude more accurate than data for the fine structures derived from
optical spectra. The high accuracy of direct fine structure measurements can
expedite astrophysical searches for tne species, as for the case of atomic
carbon {6). Furthermore in cases where more than one Zeeman coincidence is
observed, LMR data also produces atomic g, factors with enough accuracy to
test the complex corrections to Russell-Saunders values which have been re-
cently computed for complex atoms.

Briefly, the experimental apparatus consists of a far-infrared gain cell
pumped transversely by a grating-tuned C0, laser and separated from the in-
tracavity sample region by a polypropylene beam splitter at Brewster angle

to the fir laser beam. The sample region is placed between the ring-shimmed
Hyperco 38 cm pole caps of an electromagnet producing a 7.5 cm diameter ho-
mogeneous field region. Two coaxial flow tubes extend to the perimeter of

the laser beam where the atom to be investigated is produced. As a transition
in tne atom is tuned into coincidence with the laser frequency by the magne-
tic field, the total far-infrared power inside the laser cavity changes and
is modulated at 10 KHz by a'pair of Helmholtz coils. The laser output is dete-
cted with a helium-cooled germanium bolometer and the signal is fed to a
fock-in amplifier. The demodulated output signal is approximately equal to
the first derivative of the absorption signal.

The powerfulness of the technique is demonstrated for atomic silicon, where
to all the difficulties, also that related to the production of enough den-
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Fig. 1 - LMR signal of Si from the 129.5 um (2314111.3 MHz) Tine of CH_OH
at 0.11212 7. This signal was recorded with a 0.1 second time
constant. The linewidth is 0.00032 T corresponding to about & MHz

sity of a refractory element must be added. The atom is produced in a regacti-
on between F atoms and silane (SiH,). Fluorine atoms are produced in a 2450
MHz discharge throughBa dilyte mixture of F, in He. In Fig. 1 is shown the

LMR recording of the PO - P] fine structure transition of Si in its ground

state resonant with a CH_OH laser line. The signal-to-noise ratio is excelle-
nt ig spite of the relatively low atomic transition probability (A=8.25 x10-6
sec]3). Extra resonances have also been observed with laser lines from CD_OH
and “C0,0H yielding gy factor - 1.500830 (70) - and fine structure separation

(2311755.6 MHz) with one of the highest accuracies ever obtained by LMR.
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